The introduction of information systems to the healthcare industry has led to the automation and modernization of the system of work, increased the quality of diagnostic and therapeutic procedures, reduced consumables and increased the level of system utilization, simultaneously saving time and enabling the integration of heterogeneous systems into a single computer unit. The ophthalmic information system (OIS) is a part of the hospital information system (HIS). The network, computer hardware and software, WEB technology, Digital Imaging and Communications in Medicine, Picture Archiving and Communication System, Health Level Seven protocol are essential to the functioning of the information system.
Introduction
The introduction of information systems to the healthcare industry has led to the automation and modernization of the system of work, increased quality of diagnostic and therapeutic procedures, reduced consumables and increased the level of system utilization, simultaneously saving time and enabling the integration of heterogeneous systems into a single computer unit (1) (2) (3) (4) (5) . The ophthalmic information system (OIS) is a part of the hospital information system (HIS). The network, computer hardware and software, WEB technology (telecommunication systems and techno-logies), Digital Imaging and Communications in Medicine (DICOM), Picture Archiving and Communication System (PACS), Health Level Seven protocol (HL7) are essential to the functioning of the information system (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) . Modalities that make OIS (and present small OISs themselves) include: biomicroscope, fundus camera (FA, laser), OCT, ultrasound, computerized perimetry, ophthalmic surgical microscope, etc. The data collected in the form of electronic recording (e-recording) from the abovementioned modalities are stored and kept for a certain period of time in different formats. The ophthalmic information system must provide a quick and easy access to e-recordings, while the speed of access to the data may vary. The OIS should provide a greater and faster information flow of patient data from each part of the Eye clinic-examination rooms, depatments, operating rooms etc.
Integration of OIS into HIS
In order to be integrated into a single information system, the hospital information system and ophthalmic information system exchange the following information: patient registry (data on the new patients, updating the data on existing patients); patient examination results (who referred the patient and what type of examination is required, referral diagnosis, level of emergency, etc.); examination status and various reports (radiological findings, specialist reports, laboratory findings, histopathological findings, etc.); delivery of findings; distribution of findings to the patient; data synchronization between HIS and OIS (examination methods, physicians, departments etc.) and other information (4) .
It is possible to exchange information between OIC and other information systems integrated into a HIS, such as the radiology information system (RIS), surgical information system (HRIS) and others. A radiology information system is one of the most advanced and most developed health information systems. It comprises a large number of different modalities such as: digital radiology, computed neurology, computed tomography (CT), magnetic resonance imaging (MRI), echocardiography, angiography, mammography, mobile radiology, teleradiology, dental radiology, orthopantomography, radiotherapy apparatus, radiosurgery appliances (gamma knife, cyber knife) and others (1, 2) . OIS, HRIS and other medical information systems originated from the RIS.
The HL7 standard protocol is necessary for the integration of an ophthalmic information system into the health information system. The HL7 standard enables the exchange of medical information among different information systems of hospital organizational units, regardless of the programming language they are written in and regardless of the platform they are executed on. The HL7 is not a software application, but a standard encompassing thousands of pages with detailed explanations, which supply analysts and developers with a starting point on the standard, in order to implement it technically (1, 2, 6, 8) .
PACS is based on the web technology (1, 2, 6-8). It is integrated into OSI, RIS, HRIS and other medical information systems. It represents a modern system for archiving images and communication. It is frequently used with the RIS. Designed as the computer systems for paper and filmed archives, PACSs handle medical images and information (1, 2) . They store recordings from various medical devices-modalities (fundus cameras, biomicroscopes, computerized perimeters, fundus cameras, OCTs, ocular ultrasounds, standard ultrasounds, color Doppler ultrasounds and other appliances, then MRIs, CTs, angiography apparatuses, digital x-ray machines, mammography machines, PET scanners, nuclear medicine appliances, dental x-ray machines, and others). A PACS unites the functions of teleophthalmic, teleradiological and other services, and systems for archiving, searching, viewing medical images, patient data etc. The ophthalmic PACS configuration is given in Figure 1 .
A PACS contains a device for medical diagnosis, servers, workstations to access the data, computer network that connects the system components, databases and interfaces to other systems. Computers of operating units are networked in a PACS and they represent the modalities that send the processed information (images) to the central computer (server) and depositing it in PACS. Each computer in a PACS network is identified by its network address (1, 2, 4, 6, 8) .
Benefits from the application of PACS are: saving space and time for filing the material (ophthalmic and/or radiological records), an easier search for the material with the purpose of staff training, cash savings (instead of buying ray films and photographic paper, only a CD is required), a higher quality of the deposited material, increased speed of establishing an ophthalmic diagnoses, possibility of visualizing records from remote locations. This leads to a better use of human resources as well as to an opportunity to connect within a network one or more health care providers, which results in the modernization of ophthalmic institutions in question, reducing the cost of servicing equipment etc.
DICOM is a standard for handling, storing, printing and transmitting information in medical practice. It is a set of rules that enable the exchange of medical images and information between computers of one or more health centers, by means of establishing a common information language, regardless of the manufacturer of the equipment and a digital system used (9-11).
DICOM and PACS are directly linked. DICOM consists of a file format definition and network communication protocol. Primary DICOM functions are the communication and exchange of digital medical images (fluorescent angiograms, echosonograms, CT orbits, etc.) ( Figure 2 ) regardless of the manufacturer; the facilitation of the integration of PACS into the HIS, OIS, RIS and other information systems; the availability of a database of medical images regardless of the browser distance, enabling thus the functions of teleophthalmology, teleradiology, etc. (1, 2, (11) (12) (13) (14) (15) .
The disadvantages of DICOM arise while searching databases and processing of images; with a simultaneous display of several images on the monitor, which results in the reduced quality of individual images or even a cut-off of individual segments. Moreover, a false coloration at the adjacent gray level may occur, followed by a false coloring in contrasting colors, etc. 
Teleophthalmology
Teleophthalmology is a form of medical information system that requires the use of telecommunication systems in the form of satellites, the Inernet, mobile phones, computers and other devices for the exchange of data (images, video, audio or other ophthalmic and/or radiological, and similar information) with the aim of providing ophthalmic services between remote locations (11) (12) (13) (14) (15) .
Teleophthalmology commonly utilises the Global System for Mobile Telecomunications (GSM), General Packet Radio Service (GPRS) and 3G systems for the transmission of information, because they allow the transfer of multimedia contents at high speed.
One of the requirements of telemedicine in general, and hence of teleophthalmology, is that information and communication technologies facilitate long-distance transfer of relevant medical data, by adhering to medical, technical and technological standards related to the collection, storage, transmission and retrieval of medical images, video, audio, and other similar ophthalmic and medical information, to a standardized and high-quality equipment and systems for telemedicine, quality devices, telecommunication equipment and connections.
Web technologies in teleophthalmology allow for the review and writing of ophthalmic findings on any computer, at any location, observing the relevant regulations and rights related to security and confidentiality of patient data, by means of the Internet Explorer (1, 2, 15 ).
The application of teleophthalmology is possible in ophthalmic institutions that have a digital ophthalmic camera, DICOM and PACS. The problem arises in areas where analogue ophthalmic devices are used. The question is how to digitize and archive ophthalmic findings, how to relate them to images, how to make information available to information systems of an ophthalmic clinic, hospital, clinic, other medical institutions in the country and abroad (1, 2, 4, 6, 9, 11) .
Teleophthalmology is supposed to promote the development of telemedicine in Serbia, to modernize ophthalmic centers in the country, enable the timely availability of ophthalmic images (eye echosonograms, fluorescein angiography findings, radiographs, CT, MR, etc.) and their interpretation from rural and remote areas (mountains, forests, islands and other places); to provide a sub-specialist support to an ophthalmic diagnosis at a given time (e.g. the consulting body), to contribute to an easier establishement of the diagnosis by a quality analysis of identical examples or some rare diseases; to facilitate the distribution of ophthalmic images to other ophthalmic centers with the purpose of consulting;
to provide education and/or update of knowledge in ophthalmology, etc (1) (2) (3) (4) (11) (12) (13) (14) .
The size of static images is the main technological challenge for telemedicine and teleophthalmology. Typically, uncompressed digital medical images vary from about 25 kB (nuclear medicine) to 50 MB (digitized mammography). Often, due to the need for repeated recordings (from different angles or in order to compare images from the same perspective), the total size of uncompressed examination data increases by 1 or 2 MB, up to almost 200 MB. The DICOM standard recommends the use of JPEG and JPEG 2000 compression formats, and the number of required shots depends on the device type. For most types of images only one shot is required, but FA, ocular echosonography, CT, MRI or Positron Emission Tomography (PET) scanning require a greater number of shots (e.g. 20 shots for a CT study of the orbit) (1, 2) .
The flow of information necessary for the transmission of such images depends upon several factors. The time required for the transfer and the allowed compression level are particularly significant (image quality degradation is not allowed, since it would compromise data interpretation and diagnosis). Lossless compression techniques reduce the image size by 3 to 4 times, and while lossy compression reduces the image size by 10 to 20 times, yet still retaining a diagnostic image quality in some applications. An acceptable level of compression depends on the application domain (teleconferencing of ophthalmologist) and the image user (an ophthalmologist or a specialist in general practice). The security of data is also essential when using teleophthalmology, since the doctor-patient confidentiality and data integrity must be preserved during the transmission and storage of images. The confidentiality of personal data can be achieved by means of the techniques of user authentication, image access control and data encryption. Data integrity can be preserved (an important feature of a digital image is that it can easily be maliciously altered) by a digital signature technology. It is necessary to reconcile these requirements to the cost and ease of use.
Mobile ophthalmology
The development of mobile medicine is asso ciated with Maria Sklodowska Curie, who worked on the creation of a mobile X-ray room during the World War II (Figure3) . The alliance of French women provided the funds for the first mobile "radiological car", later called "little Curie" in 1914 (15) (16) (17) .
Nowadays her brilliant idea is used by wellknown manufacturers of X-ray machines who install x-ray devices, CTs, MRIs, mammographs and other radiological devices in trucks with trailers, therefore making these devices mobile and accessible to all communities, under all weather conditions, in peacetime or wartime. Further, manufacturers of ophthalmic equipment install these devices on planes and helicopters, making them mobile as well (13, 15, 18) .
Together with the development of telecommunications technology, the mobility of ophthalmic devices using mobile telephony has increased (15, 18) . This ingenious idea is just one of the links between telemedicine and teleophthalmology that made ophthalmic and other relevant medical information available everywhere, on any terrain in real time.
In radiology, the relevant characteristics of mobile phones are the screen diagonal of 3 inches, 250 CDL lighting, 256 MB of RAM memory, an 800 MHz processor and the mobile internet standard that supports HTML5 and Java script (2, 15) . The use of the smart mobile phone is important in Mobile Ophthalmology (Figure4), since it would help teleophthalmology to become more relevant and far more realistic than the current reality (14, 18). The application of smart mobile phones in mobile ophthalmology has shown great efficacy in the diagnosis of macular degeneration, glaucoma, cataracts, anterior eye segment etc. It is believed that smart mobile phones in mobile ophthalmology will be initially applied in the treatment of diabetic retinopathy.
According to the World Health Organization (WHO), it is estimated that 135 million people suffer from diabetes, and that by 2025 this number will have increased to 300 million people. In order to prevent eye changes in patients with diabetic retinopathy, the use of smart mobile phones will be of great importance both for the needs of mobile te-leophthalmology and static ophthalmology (18) .
Contemporary teleophthalmology designs the future ophthalmology.
Conclusion
The ophthalmic information system has enabled the introduction of ophthalmology into the world of digital medicine. Web technologies within the ophthalmic information system have made health services available to everyone, enabled a fast and effective treatment, provided timely information, and facilitated the communication between ophthalmologists.
